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Devwudfw
Wklv sdshu ghyhorsv d whvw ri frqwdjlrq lq qdqfldo pdunhwv e| frqvlghulqj d phdvxuh
ri fr0pryhphqw edvhg rq wkh qrwlrq ri frpprq f|fohv wr ghwhfw vkruw uxq fr0pryhphqwv
ehwzhhq d vhw ri wlph vhulhv1 Zh dsso| rxu phwkrgrorj| wr wkh lqwhuqdwlrqdo hhfwv ri
wkh 4<<7 Ph{lfdq shvr fulvlv dqg wkh 4<<: Dvldq fulvlv1 Rxu uhvxowv fdq eh lqwhusuhwhg dv
hylghqfh ri d kljk ohyho ri pdunhw fr0pryhphqw gxulqj doo vwdwhv ri wkh zruog dqg/ wkhuhiruh/
txhvwlrq wkh k|srwkhvlv ri vkliw0frqwdjlrq lq wkh wudqvplvvlrq ri qdqfldo vkrfnv gxulqj wkh
4<<: Dvldq fulvlv/ dqg wr d ohvvhu h{whqg/ wkh 4<<7 Ph{lfdq fulvlv1
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4 Lqwurgxfwlrq
Wkh ghedwh uhjduglqj wkh yxoqhudelolw| ri lqwhuqdwlrqdo qdqfldo pdunhwv dqg wkh sursdjdwlrq
phfkdqlvpv ri iruhljq vkrfnv frqwlqxhv wr eh dq lvvxh ri fhqwudo frqfhuq lq wkh lqwhuqdwlrqdo hfr0
qrplfv olwhudwxuh 0 vhh wkh uhfhqw errn rq lqwhuqdwlrqdo qdqfldo frqwdjlrq hglwhg e| Fodhvvhqv
dqg Iruehv +5334,/ iru lqvwdqfh1 Suredeo| wkh prvw lpsruwdqw idfwru wkdw kdv jhqhudwhg wklv
frqvlghudeoh lqwhuhvw/ lv wkh idfw wkdw wkh surfhvv ri olehudol}dwlrq ri lqwhuqdwlrqdo fdslwdo pdu0
nhwv kdv kdg d gluhfw lpsdfw qrw rqo| rq hfrqrplf vflhqfh/ exw dovr rq wkh hfrqrplf dfwlylw|
wkurxjkrxw wkh zruog> qdqfldo fulvhv vsuhdg dfurvv hphujlqj frxqwulhv/ wkhuhe| dhfwlqj dssdu0
hqwo| khdowk| hfrqrplhv zkrvh srolflhv/ rqo| d ihz prqwkv hduolhu/ kdg ehhq sudlvhg e| pdunhw
dqdo|vwv dqg wkh pxowlodwhudo lqvwlwxwlrqv1
Lqwhuqdwlrqdoo|/ fdslwdo pdunhw olehudol}dwlrq idflolwdwhg d juhdwhu  rz ri ixqgv wr +hphujlqj,
pdunhwv durxqg wkh joreh1 Wkh zlgh0udqjlqj qdqfldo ghuhjxodwlrq pdgh lw pxfk hdvlhu iru
edqnv dqg grphvwlf frusrudwlrqv wr wds lqwr iruhljq fdslwdo wr qdqfh grphvwlf lqyhvwphqwv1 Rq
wkh rqh kdqg/ vxfk dq hyroxwlrq khosv djhqwv wr uhgxfh wkh ulvnlqhvv ri wkhlu dvvhwv e| vsuhdglqj
wkhlu sruwirolrv pruh zlgho|/ dqg fuhdwhv qhz pdunhwv iru grphvwlf lqyhvwphqwv/ zklfk lv qr pruh
erxqghg e| qdwlrqdo vdylqj1 Qhyhuwkhohvv/ lw dovr lqgxfhv d udslg ulvh lq qdqfldo  rzv ohdglqj
wr d kljkhu +ulvn ri, qdqfldo lqvwdelolw|1 Pruhryhu/ wkh juhdwhu qdqfldo lqwhughshqghqflhv pdnh
frxqwulhv +ru frqwlqhqwv, pruh yxoqhudeoh wr qdqfldo fulvhv yld frqwdjlrq hhfwv1
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Lw lv d frpprq eholhi wkdw wkh prvw uhfhqw +Dvldq, qdqfldo fulvlv/ wkdw ehjxq zlwk wkh gh0
ydoxdwlrq ri wkh Wkdl edwk lq Mxo| 4<<:/ lv pruh zlghvsuhdg wkdq suhylrxv fulvhv/ dqg khqfh lv
h{huwlqj d juhdwhu hhfw rq frpprglw| sulfhv/ qdqfldo pdunhwv dqg hfrqrplf dfwlylw| wkurxjk0
rxw wkh zruog> wkh shufhswlrq kdv dulvhq wkdw wkh fulvlv kdv ehhq pruh yluxohqw lq lwv lpsdfw rq
wkh dhfwhg hfrqrplhv1 Lq dgglwlrq/ lw dsshduv wr eh wkh uvw jhqxlqho| joredo qdqfldo fulvlv wr
klw wkh hphujlqj pdunhw hfrqrplhv/ dhfwlqj/ dv lw kdv/ Dvld/ Uxvvld/ Vrxwk Diulfd/ dqg Odwlq
Dphulfd1 Ixuwkhupruh/ lw dsshduv wr eh pruh ghhso| urrwhg lq qdqfldo lpedodqfhv lq wkh sulydwh
vhfwru wkdq lq wkh sxeolf vhfwru qdqfldo sureohpv wkdw fkdudfwhul}hg wkh 4<;3v ghew fulvlv dqg
wkh Ph{lfdq 4<<704<<8 fulvlv1 Wklv vxjjhvwv wkh ixqgdphqwdo txhvwlrq udlvhg e| Ndplq +4<<<,/
qdpho|/ Kdyh wkhvh fulvhv jurzq lqfuhdvlqjo| vhyhuh lq wkhlu lpsdfw rq dhfwhg frxqwulhv/ ru
duh zh phuho| pruh dzduh ri wkhlu lpsdfw dqg frqvhtxhqfhv wkdq zdv wkh fdvh lq wkh sdvwB
Dv lv zhoo grfxphqwhg e| h{whqvlyh hpslulfdo zrun rq wkh lpsdfw ri kljk lqwhuqdwlrqdo wxu0
prlo/ wkh qdqfldo frqwdjlrq olwhudwxuh ghprqvwudwhg vhyhudo hpslulfdo frqwudglfwlrqv zlwk uh0
vshfw wr wkh h{lvwhqfh ri frqwdjlrq/ wkh wudqvplvvlrq fkdqqhov ri lqwhuqdwlrqdo vkrfnv dqg fdxvhv
ri qdqfldo wxuprlo1 Pruhryhu/ wkh sdudgr{hv uhyhdohg lq wkh gdwd kdyh lq wxuq lq xhqfhg erwk
wkh ghyhorsphqw ri qhz wkhruhwlfdo +wudqvplvvlrq, prghov dqg wkh fxuuhqw ghedwh rq uhiruplqj
wkh lqwhuqdwlrqdo qdqfldo dufklwhfwxuh1
Dffruglqj wr wkh jurxs ri fulvlv0frqwlqjhqw wkhrulhv/ d qxpehu ri yhu| glhuhqw fkdqqhov
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wkurxjk zklfk vkrfnv frxog eh wudqvplwwhg lqwhuqdwlrqdoo| fdq eh revhuyhg= pxowlsoh htxloleuld
edvhg rq lqyhvwruv sv|fkrorj|/ hqgrjhqrxv0oltxlglw| vkrfnv fdxvlqj d sruwirolr uhfrpsrvlwlrq
dqg srolwlfdo hfrqrp| dhfwlqj h{fkdqjh udwh uhjlphv1 Hdfk ri wkhvh wkhrulhv frxog h{sodlq wkh
h{lvwhqfh ri vkliw0 frqwdjlrq ghqhg dv d vljqlfdqw lqfuhdvh lq furvv0pdunhw olqndjh diwhu d vkrfn
wr dq lqglylgxdo frxqwu| +ru jurxs ri frxqwulhv,1 Wkh uvw phfkdqlvp/ pxowlsoh htxloleuld/ rffxuv
zkhq d fulvlv lq rqh frxqwu| lv xvhg dv d vxqvsrw iru rwkhu frxqwulhv1 Wkh vkliw iurp d jrrg wr
d edg htxloleulxp/ dqg wkh wudqvplvvlrq ri wkh lqlwldo vkrfn/ lv gulyhq e| d fkdqjh lq lqyhvwruv
h{shfwdwlrqv ru eholhiv dqg qrw e| dq| uhdo olqndjhv dqg wkhuhiruh wudqvplw wkh vkrfn wkurxjk
d sursdjdwlrq phfkdqlvp wkdw grhv qrw h{lvw gxulqj vwdeoh shulrgv1 Lq wkh vhfrqg prgho/ wkh
oltxlglw| vkrfn ohdgv wr dq lqfuhdvhg fruuhodwlrq lq dvvhw sulfhv dqg wklv wudqvplvvlrq phfkdqlvp
grhv qrw rffxu gxulqj vwdeoh shulrgv dqg rqo| rffxuv diwhu wkh lqlwldo vkrfn1 Ilqdoo|/ dffruglqj
wr wkh srolwlfdo wudqvplvvlrq phfkdqlvp/ h{fkdqjhv udwh fulvhv pd| eh exqfkhg wrjhwkhu/ dqg
rqfh djdlq/ wudqvplvvlrq ri wkh lqlwldo vkrfn rffxuv wkurxjk d phfkdqlvp wkdw glg qrw h{lvw
ehiruh wkh lqlwldo fulvlv1 Dowkrxjk glhuhqw dssurdfkhv dqg prghov duh xvhg wr ghyhors wkhvh
wkhrulhv/ wkh| doo vkduh rqh fulwlfdo lpsolfdwlrq= wkh wudqvplvvlrq phfkdqlvp gxulqj wkh fulvlv lv
lqkhuhqwo| glhuhqw wkdq wkdw ehiruh wkh vkrfn1
Lq frqwudvw/ wkh uhpdlqghu ri wkh wkhrulhv h{sodlqlqj krz vkrfnv frxog eh sursdjdwhg lq0
whuqdwlrqdoo| gr qrw jhqhudwh vkliw0frqwdjlrq1 Wkhvh qrq0fulvlv0frqwlqjhqw wkhrulhv dvvxph wkdw
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furvv0pdunhw olqndjhv gr qrw lqfuhdvh diwhu d vkrfn> dq| odujh furvv0pdunhw fruuhodwlrqv diwhu d
vkrfn duh d frqwlqxdwlrq ri +uhdo, olqndjhv wkdw h{lvwhg ehiruh wkh fulvlv1 H{dpsohv ri vr0fdoohg
uhdo olqndjhv wudqvplvvlrq phfkdqlvp duh wudgh/ srolf| frruglqdwlrq/ frxqwu| uhhydoxdwlrq/
frxqwu| vlplodulwlhv dqg udqgrp djjuhjdwh vkrfnv1
Lq jhqhudo/ dq| whvwv edvhg rq wkh frqfhsw ri vkliw0frqwdjlrq dyrlgv wdnlqj d vwdqfh rq krz
wklv vkliw rffxuv dqg dyrlgv kdylqj wr gluhfwo| phdvxuh dqg glhuhqwldwh ehwzhhq wkh ydulrxv
sursdjdwlrq phfkdqlvpv/ vxfk dv uhdo olqndjhv dqg qdqfldo olqndjhv1 Krzhyhu/ lghqwli|lqj li
vkliw lq furvv0pdunhw olqndjhv h{lvwv frxog surylgh hylghqfh iru ru djdlqvw fhuwdlq wkhrulhv ri
wudqvplvvlrq dqg pd| lqglfdwh zklfk sursdjdwlrq phfkdqlvpv duh prvw lpsruwdqw1
Lq dgglwlrq wr wkhvh wkhrulhv/ wkhuh lv h{whqvlyh hpslulfdo hylghqfh rq whvwlqj iru frqwdjlrq
dqg wkh wudqvplvvlrq ri vkrfnv1 Irxu fdwhjrulhv ri whvwv kdyh ehhq xwlol}hg iru hylghqfh ri frq0
wdjlrq gxulqj d qxpehu ri qdqfldo dqg fxuuhqf| fulvhv= fruuhodwlrq ri dvvhw sulfhv/ JDUFK
iudphzrunv +yrodwlolw| vslooryhuv,/ frlqwhjudwlrq/ dqg surelw prghov1 Ryhudoo/ wkh qglqjv ryhu0
zkhoplqjo| idyru wkh frqfoxvlrq wkdw frqwdjlrq 0 qr pdwwhu krz lw lv ghqhg dqg jlyhq wkh
udqjh ri whfkqltxhv xwlol}hg 0 rffxuuhg gxulqj wkh fulvlv xqghu lqyhvwljdwlrq1 Iru lqvwdqfh/ Nlqj
dqg Zdgkzdql +4<<3, whvw iru dq lqfuhdvh lq furvv0pdunhw fruuhodwlrqv ehwzhhq wkh X1V1/ X1N1
dqg Mdsdq dqg qg wkdw fruuhodwlrqv lqfuhdvh vljqlfdqwo| diwhu wkh X1V1 vwrfn pdunhw fudvk1
Ohh dqg Nlp +4<<6, h{whqg wklv dqdo|vlv wr wzhoyh pdmru pdunhwv dqg qg ixuwkhu hylghqfh
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ri frqwdjlrq1 Fdoyr dqg Uhlqkduw +4<<8, dqg Edlj dqg Jrogidmq +4<<;, suhvhqw hylghqfh iru
frqwdjlrq diwhu wkh 4<<7 Ph{lfdq shvr fulvlv dqg wkh 4<<: Dvldq fulvlv> furvv0pdunhw fruuhodwlrqv
xvxdoo| lqfuhdvhg vljqlfdqwo| gxulqj wkh fulvhv shulrg iru pdq| ri wkh frxqwulhv1 Hlfkhqjuhhq
hw do1 +4<<9, dqg Ndplqvn| dqg Uhlqkduw +4<<;, hvwlpdwh surelw prghov wr whvw krz d fulvlv lq
rqh frxqwu| +wkh h{rjhqrxv hyhqw, dhfwv wkh suredelolw| ri d fulvlv rffxuulqj lq rwkhu frxqwulhv1
Wkh odwwhu vwxg| qgv wkdw wklv suredelolw| lqfuhdvhv zkhq pruh fulvhv duh rffxuulqj lq rwkhu
frxqwulhv +hvshfldoo| lq wkh vdph uhjlrq,/ zkhuhdv wkh iruphu qgv wkdw wkh suredelolw| ri d
frxqwu| vxhulqj d vshfxodwlyh dwwdfn lqfuhdvhv zkhq dqrwkhu frxqwu| lv xqghu dwwdfn1 Wdnhq
wrjhwkhu/ wkh deryh hylghqfh vxjjhvwv wkdw prvw vkrfnv duh wudqvplwwhg wkurxjk fulvlv0frqwlqjhqw
fkdqqhov/ vxfk dv wkrvh edvhg rq pxowlsoh htxloleuld/ hqgrjhqrxv oltxlglw|/ ru srolwlfdo hfrqrp|1
Iruehv dqg Uljrerq +5335,/ krzhyhu/ ghprqvwudwhg wkdw wkh suhvhqfh ri khwhurvfhgdvwlf0
lw| lq pdunhw uhwxuqv fdq kdyh d vljqlfdqw lpsdfw rq hvwlpdwhv ri furvv0pdunhw fruuhodwlrqv1
Wkhuhiruh/ zkhq pdunhw yrodwlolw| lqfuhdvhv/ zklfk whqgv wr kdsshq gxulqj fulvhv/ dq| whvwv zloo
ryhuvwdwh wkh pdjqlwxgh ri furvv0pdunhw uhodwlrqvklsv dqg pd| vxjjhvw wkdw frqwdjlrq rffxuuhg/
hyhq zkhq wkh xqghuo|lqj sursdjdwlrq phfkdqlvp lv frqvwdqw dqg vkliw0frqwdjlrq grhv qrw rf0
fxu1 E| xvlqj gdlo| gdwd iru vwrfn lqglfhv ri 5; ghyhorshg dqg hphujlqj frxqwulhv wr whvw iru
hylghqfh ri frqwdjlrq gxulqj wkh 4<;: X1V1 vwrfn pdunhw fudvk/ wkh 4<<7 Ph{lfdq shvr fulvlv/ dqg
wkh 4<<: Dvldq fulvlv/ Iruehv dqg Uljrerq +5335, vkrz wkdw fruuhodwlrq frh!flhqwv iru pxowl0
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frxqwu| uhwxuqv duh qrw vljqlfdqwo| kljkhu gxulqj fulvlv shulrgv li wkh sureohp ri fkdqjhv lq wkh
yduldqfh ri uhvlgxdov lv surshuo| fruuhfwhg iru1 Wkh odujh furvv0pdunhw olqndjhv diwhu d vkrfn duh
vlpso| d frqwlqxdwlrq ri vwurqj wudqvplvvlrq phfkdqlvpv wkdw h{lvw lq pruh vwdeoh shulrgv1 Lq
dgglwlrq/ Orpdnlq dqg Sdl} +4<<<, dgguhvv wkh sureohp ri khwhurvfhgdvwlflw| lq whvw iru frqwd0
jlrq lq erqg pdunhwv1 Zkhq wkh| xvh wkh dgmxvwphqw sursrvhg lq Iruehv dqg Uljrerq +5335, wr
fruuhfw wkh yduldqfh0fryduldqfh pdwulfhv/ wkh qxpehu ri fulvhv dqg wkh vwuhqjwk ri furvv0frxqwu|
olqndjhv duh erwk uhgxfhg vljqlfdqwo|/ vxjjhvwlqj wkdw prvw vkrfnv duh wudqvplwwhg wkurxjk
qrq0fulvlv0frqwlqjhqw fkdqqhov1
Wklv sdshu h{whqgv wkh dqdo|vhv ri Iruehv dqg Uljrerq +5334/ 5335, e| frqvlghulqj d vwurqjhu
phdvxuh ri fr0pryhphqwv edvhg rq wkh qrwlrq ri frpprq f|fohv 0 vhh/ iru lqvwdqfh Hqjoh dqg
Nr}lfnl +4<<6, dqg Ydklg dqg Hqjoh +4<<6,1 Lqghhg/ lq wkh suhvhqfh ri g|qdplf v|vwhpv lqyroylqj
qrq0vwdwlrqdu| yduldeohv/ zh eholhyh wkdw vwxglhv edvhg rq vlpsoh fruuhodwlrqv rq wkh yduldeohv lq
ohyho +vhh lqwhu dold Iruehv dqg Uljrerq/ 5334/ 5335, gr qrw jlyh d uhohydqw phdvxuh ri d frpprq
wudqvplvvlrq phfkdqlvp1 Rxu dqdo|vlv uholhv rq wkh frqfhsw ri vhuldo fruuhodwlrq frpprq ihdwxuh
+VFFI, wr ghwhfw vkruw0uxq fr0pryhphqwv ehwzhhq d vhw ri wlph vhulhv1 Zlwklq d g|qdplf
pxowlyduldwh prgho +frlqwhjudwhg yhfwru huuru0fruuhfwlrq prgho/ YHFP,/ VFFI hqdeohv xv wr
dvvhvv d vwurqjhu phdvxuh iru wkh olqn ehwzhhq wkh vhulhv1 Vlpxowdqhrxvo|/ lw doorzv xv wr whvw iru
wkh h{lvwhqfh ri d frpprq uhvsrqvh wr d vkrfn/ fdoohg froolqhdu lpsxovh uhvsrqvhv +Ydklg dqg
:
Hqjoh/ 4<<6, ru vkruw uxq dwwudfwru uhjlphv +Fdqghorq dqg Khft/ 5335,1 Jhqhudoo|/ wkh fkdqjh
lq wkh qxpehu ri VFFI yhfwruv frqvwlwxwhv d vx!flhqw frqglwlrq ri hylghqfh iru ru djdlqvw vkliw0
frqwdjlrq1 Krzhyhu/ iru wkrvh fdvhv wkdw d frpprq idfwru ehiruh dqg diwhu wkh fulvlv kdv ehhq
irxqg/ zh h{whqg wkh dqdo|vlv e| frqvlghulqj wkh udwlr ri wkh yduldqfh ri wkh frpprq idfwru
wr wkh wrwdo yduldqfh ehiruh dqg diwhu wkh fulvlv1 Li wklv udwlr grhv qrw fkdqjh vljqlfdqwo|/ lw
zrxog phdq wkdw wkhuh kdv ehhq qr vljqlfdqw fkdqjh lq wkh wudqvplvvlrq phfkdqlvp gxulqj +ru
gluhfwo| diwhu, wkh fulvlv xqghu lqyhvwljdwlrq1
Krzhyhu/ xvxdo frpprq f|folfdo ihdwxuh whvw vwdwlvwlfv/ edvhg rq fdqrqlfdo fruuhodwlrq dqdo0
|vhv +FFD, ru rq lqvwuxphqwdo yduldeohv +LY, hvwlpdwruv/ duh dhfwhg e| wkh suhvhqfh ri plv0
vshflfdwlrq vxfk dv vhdvrqdolw|/ rxwolhuv/ dqg frqglwlrqdo khwhurvfhgdvwlflw| dqg h{klelw khdy|
vl}h glvwruwlrq lq wkhvh fdvhv 0 vhh/ iru lqvwdqfh Ehlqh dqg Khft +4<<<,/ dqg Khft +4<<;,1 Wkhuh0
iruh/ wkh dwwhpsw wr ghwhfw frpprq f|fohv ehwzhhq vhulhv zlwk qrq frqvwdqw yduldqfh ru yrodwloh
shulrgv/ fkdudfwhul}lqj qdqfldo wxuexohqfhv/ lv txlwh kd}dugrxv1 Zh hydoxdwh wkurxjk Prqwh
Fduor vlpxodwlrqv wkh ehkdylru ri glhuhqw surfhgxuhv iru fdswxulqj fr0pryhphqwv lq vkruw uxq
g|qdplfv lq wkh suhvhqfh ri dgglwlrqdo shuwxuedwlrqv1 Lq sduwlfxodu/ zh dgguhvv wkh lqwhuhvw
ri xvlqj urexvw JPP dqg qrqsdudphwulf ruwkrjrqdolw| whvwv lq rughu wr ghwhfw fr0pryhphqwv
ehwzhhq hfrqrplf wlph vhulhv vxemhfw wr qrq0qrupdo glvwxuedqfhv1 Rxu whvwv ghprqvwudwhg ehw0
whu vl}h dqg srzhu surshuwlhv wkdq wkh wudglwlrqdo lqvwuxphqwdo yduldeohv +LY, dqg fdqrqlfdo
;
fruuhodwlrq +FFD, whvwv lq wkh suhvhqfh ri wlph0ydu|lqj yrodwlolwlhv ru rxwolhuv1 Zh dsso| rxu
phwkrgrorj| wr wkh dqdo|vlv ri qdqfldo frqwdjlrq gxulqj wkh Ph{lfdq fulvlv ri 4<<7 dqg wkh
Dvldq fulvlv ri 4<<:1 Zh qg hylghqfh ri d kljk ohyho ri pdunhw fr0pryhphqw gxulqj doo vwdwhv ri
wkh zruog dqg/ wkhuhiruh/ txhvwlrq wkh k|srwkhvlv ri frqwdjlrq lq wkh lqwhuqdwlrqdo wudqvplvvlrq
ri qdqfldo vkrfnv gxulqj wkh 4<<: Dvldq fulvlv/ dqg wr d ohvvhu h{whqg/ wkh 4<<7 Ph{lfdq shvr
fulvlv1 Wklv lv lq olqh zlwk wkh qglqjv ri Iruehv dqg Uljrerq +5335,/ dffruglqj wr zklfk wkhuh
lv qr frqwdjlrq/ rqo| lqwhughshqghqfh> odujh furvv0pdunhw olqndjhv diwhu d vkrfn duh phuho|
d frqwlqxdwlrq ri vwurqj wudqvplvvlrq phfkdqlvpv wkdw douhdg| h{lvwhg lq pruh vwdeoh shulrgv/
vxjjhvwlqj wkdw prvw vkrfnv duh wudqvplwwhg wkurxjk qrq0fulvlv0frqwlqjhqw fkdqqhov/ vxfk dv
wkrvh edvhg rq wudgh/ srolf| frruglqdwlrq dqg udqgrp djjuhjdwh vkrfnv1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Wkh phwkrgrorj| dqg prghov hpsor|hg
wr h{dplqh wkh fr0pryhphqwv dqg furvv0pdunhw olqndjhv gxulqj qdqfldo wxuexohqfh duh h{sodlqhg
lq Vhfwlrq 51 Vhfwlrq 6 uhsruwv wkh uhvxowv ri wkh Prqwh Fduor lqyhvwljdwlrq1 Vhfwlrq 7 suhvhqwv
wkh hpslulfdo uhvxowv dqg Vhfwlrq 8 frqwdlqv rxu frqfoxglqj frpphqwv1
5 Frpprq F|folfdo Ihdwxuhv
514 Prgho Uhsuhvhqwdwlrq
Ohw xv frqvlghu +O,\| @ %| d YDU+s, iru d q0yhfwru ri L+4, wlph vhulhv \| @ +||> |2|> = = = > |?|,
>
w @ 4> = = = > W iru {hg ydoxhv ri \3Rn> ===> \f dqg zkhuh +O,  L? 
SR
'O
/ dqg %| 
<
QLLG+3>0, huuruv 1 Iru qrwdwlrqdo frqyhqlhqfh/ ghwhuplqlvwlf whupv duh rplwwhg dw wklv ohyho
ri suhvhqwdwlrq1
Zh ixuwkhu dvvxph wkdw wkh surfhvv \| lv frlqwhjudwhg ri rughu +4/4,/ vr wkdw udqn++4,, @ u>
3 ? u ? q> dqg +4, fdq eh h{suhvvhg dv +4, @  > zlwk  dqg  erwk +qu, pdwulfhv ri ixoo
froxpq udqn u= Zh dovr uxoh rxw wkh suhvhqfh ri L+5, ru h{sorvlyh surfhvvhv1 Wkh froxpqv ri 
vsdq wkh vsdfh ri frlqwhjudwlqj yhfwruv/ dqg wkh hohphqwv ri  duh wkh fruuhvsrqglqj dgmxvwphqw
frh!flhqwv1 Xvlqj wkh lghqwlw| +O,  +4,O . +O, zkhuh +O, @ L? 
SR3
' O
/ dqg
 @ 
SR
'n iru l @ 4> = = = > s 4 zh rewdlq wkh YHFP +Vhh Mrkdqvhq/ 4<<8,
\| @ 
\|3 .
R3[
'
\|3 . %|= +4,
Ghqlwlrq 4 Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +VFFI,1 Wkh Vhulhv \| kdyh v VFFI uh0
odwlrqvklsv l wkhuh h{lvwv d q v pdwul{  vxfk wkdw  lv ixoo froxpq udqn dqg \| @ %| lv
d v glphqvlrqdo zklwh qrlvh= VFFI lpsolhv wkh iroorzlqj uhvwulfwlrqv rq wkh YHFP +4, pdwul{
sdudphwhuv= l,  @ 3 dqg ll,  @ 3> l @ 4 = = = s 4=
Wr vwuhvv wkh vpdoohu qxpehu ri sursdjdwlrq phfkdqlvp zkhq VFFI duh ghwhfwhg/ wkh YHFP
lq +4, fdq eh zulwwhq dv d g|qdplf idfwru prgho
\| @ zD
Z| . %| @ zI| . %|> +5,
zlwk 
z
wkh ruwkrjrqdo frpsohphqw ri  dqg I| d uhgxfhg qxpehu ri frpprq sursdjdwlrq
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phfkdqlvpv jlyhq e| wkh surgxfw ri d +q v, +u. q+s 4,, uhgxfhg udqn pdwul{ D dqg wkh
g|qdplfv lqZ| @ +\ |3>\

|3> = = = >\

|3Rn,
= Lpsruwdqwo| hqrxjk/ wkh pdlq fkdudfwhulvwlf ri
wkh idfwru uhsuhvhqwdwlrq +5, lv wkdw doo wkh g|qdplfv ri wkh v|vwhp lv lqfoxghg lq I|= Wklv lv qrw
jhqhudoo| wkh fdvh lq wkh wudglwlrqdo g|qdplf idfwru prgholqj zkhuh wkh lglrv|qfudwlf whupv pd|
eh pruh f|folfdo wkdq wkh idfwru lwvhoi1 Wkh sulfh wr sd| zlwk vxfk d VFFI dssurdfk krzhyhu lv
wkdw vxfk d pdwul{ pd| qrw h{lvw14
Wkh htxlydohqfh ri wkh VFFI wr wkh suhvhqfh ri frpprq sursdjdwlrq phfkdqlvp pd| dovr
eh dqdo|}hg wkurxjk wkh Zrog uhsuhvhqwdwlrq \| @ F+O,%|> zlwk 	
"
'mmF m ?4> dqg Ff @ L?=
Lqghhg/ iurp ghqlwlrq zh kdyh 

F+O, @ 

> zklfk phdqv wkdw wkh lpsxovh uhvsrqvh ixqfwlrqv
ri wkh vhulhv \| duh froolqhdu1 Edvhg rq wkh sro|qrpldo idfwrul}dwlrq F+O, @ F+4, . F
W+O,>
zkhuh FW @ 	"'nF iru l  3> zh rewdlq wkh pxowlyduldwh Ehyhulgjh dqg Qhovrq +4<;4,
uhsuhvhqwdwlrq ri wkh vhulhv \| @  | . |> zkhuh | @ F
W+O,%| lv wkh wudqvlwru| sduw dqg  | @
F+4,%| wkh uvw glhuhqfh ri wkh shupdqhqw sduw1 Wkh suhvhqfh ri u frlqwhjudwlqj yhfwruv whoov
xv wkdw wkhuh h{lvw q u frpprq wuhqgv dqg F+4, lv ri uhgxfhg udqn q u= Rq wkh rwkhu kdqg/
wkh suhvhqfh ri v fr0ihdwxuh yhfwruv lpsolhv/ iru u. v  q> wkdw wkhuh h{lvw q v frpprq f|fohv
jhqhudwlqj \| zlwk qrz FW+O, ri udqn q  v dqg wkxv zlwk 

FW+O, @ 31 Frqvhtxhqwo| zh
vhh wkdw frpprq f|folfdo ihdwxuh lv d zd| wr ixoo| fkdudfwhul}h d g|qdplf v|vwhp e| dgglqj
4Qrwlfh wkdw zh frxog uhod{ wkh vwurqj zklwh qrlvh dvvxpswlrq xqghuo|lqj wkh VFFI dssurdfk dqg xvh ohvv
vwulqjhqw prgholqj vxfk dv wkh Frghshqghqfh F|foh +Ydklg dqg Hqjoh/ 4<<:,/ wkh Zhdn Irup uhgxfhg udqn
vwuxfwxuh +Khft/ hw do1/ 5333, ru wkh Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +Fxedggd dqg Khft/ 5334,
dssurdfkhv1 Qrq0olqhdu prghov kdyh dovr ehhq sursrvhg +Dqghuvrq dqg Ydklg/ 4<<;> Fdqghorq dqg Khft/ 5335,1
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wr wkh frpprq wuhqgv dq lqirupdwlrq frqfhuqlqj wkh vkruw uxq/ qdpho| wkh exvlqhvv f|foh fr0
pryhphqwv1 Zkloh wkh frlqwhjudwlqj yhfwruv dqqlklodwh wkh frpprq wuhqgv/ wkh frpprq ihdwxuh
yhfwruv dqqlklodwh wkh frpprq f|fohv1
Ehvlghv wkh julg vhdufk surfhgxuh ruljlqdoo| sursrvhg e| Hqjoh dqg Nr}lfnl +4<<6, iru frp0
prq vhuldo fruuhodwlrq dqg frpprq DUFK/ wkhuh duh wzr pdlq phwkrgv wr whvw iru fr0pryhphqwv
dqg wr hvwlpdwh frpprq ihdwxuh yhfwruv= Wkh ixoo v|vwhp dssurdfk edvhg rq fdqrqlfdo fruuh0
odwlrqv dqg uhjuhvvlrq whfkqltxhv edvhg rq LY/ JLYH ru JPP hvwlpdwruv1 Wkh vhfrqg fodvv
ri hvwlpdwru suhvhqwv vrph gudzedfnv vxfk dv wkh fkrlfh d qrupdol}dwlrq> lw pd| dovr ehfrphv
wulfn| wr dsso| iru pruh wkdq rqh frihdwxuh uhodwlrqvkls1 Qhyhuwkhohvv/ wkh| duh hdvlhu wr fduu|
rxw lq wkh suhvhqfh ri qrq0olqhdulwlhv +vhh Dqghuvrq dqg Ydklg/ 4<<; dqg Fdqghorq dqg Khft/
5335,1
515 Sdudphwulf Whvw Vwdwlvwlfv zlwk Frqvwdqw Yduldqfh
Wkh frpprq ihdwxuh qxoo k|srwkhvlv frqvlvwv ri dq ruwkrjrqdolw| frqglwlrq ehwzhhq d frp0
elqdwlrq ri yduldeohv dqg wkh sdvw ri wkh vhulhv1 Frqvhtxhqwo| wkh xvh ri LY w|sh hvwlpdwruv
dqg wkh dvvrfldwhg ruwkrjrqdolw| whvwv lv vwudljkwiruzdug lq wklv frqwh{w1 Ohw xv frqvlghu iru wkh
YHFP lq +4,/ Z| wkh 4.q+s4,.u yhfwru ri lqvwuxphqwv frpsrvhg ri odjjhg yduldeohv iru wkh
q vhulhv/ wkh frlqwhjudwlqj yhfwruv/ dqg dq lqwhufhsw5/ l1h1 Z| @ +\

|3> = = = >\

|3Rn> \

|3> 4,
1
5Zh fdq fkrrvh ehwzhhq/ uvw ghphdqlqj doo yduldeohv ru dowhuqdwlyho| wr nhhs dq lqwhufhsw erwk lq wkh frihdwxuh
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Wkh frqglwlrq iru  @ +4> , ehlqj d frpprq ihdwxuh yhfwru iru +||>[ |,
> zkhuh [| @
+|2|> = = = >|?|> 4,
> fruuhvsrqgv wr wkh ruwkrjrqdolw| ri wkh olqhdu frpelqdwlrq || [ |
zlwk wkh sdvw lqirupdwlrq ri wkh surfhvv16 Lq whupv ri prphqw frqglwlrqv/ lw fdq eh h{suhvvhg
dv
jA +>||>[|>Z|, @ H+^|| [ |`Z |, @ 3= +6,
Wkh JLYH hvwlpdwru lv vlpso| wkh 5VOV ru wkh LY hvwlpdwru zkhq wkh lqvwuxphqwv duh wkh sdvw
ri wkh vhulhv/ qdpho|
aCUT . @

[Z+ZZ,3Z[

3 
[Z+ZZ,3Z|

> +7,
xvlqj wkh reylrxv whpsrudo frqfdwhqdwlrq iru doo w @ 4 = = = W> l1h1 Z @ +Z>Z2> = = =ZA ,
= Wkh
ydolglw| ri wkh ruwkrjrqdolw| frqglwlrq dqg frqvhtxhqwo| wkh suhvhqfh ri d frpprq ihdwxuh yhfwru
lv rewdlqhg yld dq ryhulghqwlfdwlrq whvw ã od Kdqvhq +vhh Kdplowrq/ 4<<7,/ qdpho|
Whvw @ W ^jA +aCUT . >||>[|>Z|`
S3A ^jA +
aCUT . >||>[|>Z|,`>
zkrvh hpslulfdo frxqwhusduw lv
Whvw @ +x
Z,+a2Z
Z,3+Zx,=
uhodwlrqvkls qdphg B dqg lq wkh lqvwuxphqwv1
6Dq lqwhufhsw kdv ehhq lqwurgxfhg lq wkh uhjuhvvlrq1 Dgglwlrqdo frpsrqhqwv fdq eh frqvlghuhg vxfk dv vhdvrqdo
gxpplhv/ rxwolhuv/ ghwhuplqlvwlf wuhqgv ru rwkhu h{rjhqrxv yduldeohv1
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Wkh yduldqfh fryduldqfh pdwul{ ri wkh ruwkrjrqdolw| frqglwlrq kdv xqghu xvxdo uhjxodulw| surs0
huwlhv wkh vdpsoh frxqwhusduw aSA @ +4@W ,a
2
+Z
Z, zlwk x| @ ||[ |aCUT .1 Whvw iroorzv
dv|pswrwlfdoo| d "2Ev xqghu wkh qxoo1 Wkh qxpehu ri ghjuhhv ri iuhhgrp lv jlyhq e| wkh qxpehu ri
uhvwulfwlrqv wkh qxoo k|srwkhvlv lpsrvhv/ l1h1  @ v+q+s4,.u,v+qv, ru  @ q+s5,.u.4
zlwk v @ 4=
Wkh fdqrqlfdo fruuhodwlrq +FFD, surfhgxuh lv jlyhq e| wkh vroxwlrq ri
FdqFru
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<AAAAA@
AAAAA>
+8,
zkhuh FdqFru+\>[ m ], ghqrwhv wkh sduwldo fdqrqlfdo fruuhodwlrqv ehwzhhq wkh hohphqwv ri \
dqg [ frqglwlrqdo rq ] +qhwwlqj rxw wkh hhfw ri ],/ a lv d vxshufrqvlvwhqw hvwlpdwh ri wkh
frlqwhjudwlqj yhfwruv/ dqg i| lv d yhfwru ri {hg hohphqwv vxfk d frqvwdqw/ d olqhdu wuhqg/ dqg
vhdvrqdo gxpplhv1
Wkh olnholkrrg udwlr +OU, whvw iru wkh qxoo k|srwkhvlv wkdw wkhuh h{lvw dw ohdvw v VFFI yhfwruv
lv edvhg rq wkh vwdwlvwlf +vhh lqwhu dold Dqghuvrq/ 4<;7> Yhox hw do1/ 4<;9,
Whvw2 @ W
r[
'
oq+4 a,> v @ 4> = = = > q +9,
zkhuh a lv wkh lwk vpdoohvw vtxduhg fdqrqlfdo fruuhodwlrq frplqj iurp wkh vroxwlrq ri +8,1 Wkh
whvw vwdwlvwlf +9, iroorzv dv|pswrwlfdoo| d "2Ev glvwulexwlrq xqghu wkh qxoo zkhuh  @ v +q+s
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4, . u, v+q v,> ru dovr  @ q+s 5, . u . 4 zlwk v @ 4=
516 Urexvw JPP
Erwk JLYH dqg FFD hvwlpdwruv dvvxph krprvnhgdvwlflw|/ l1h1 wkdw wkh yduldqfh lv frqvwdqw
wkurxjk wlph1 Fohduo|/ wklv lv xqvdwlvidfwru| iru wkh pdlq sxusrvh ri rxu sdshu> zh wu| wr
vwxg| frpprq sursdjdwlrq phfkdqlvpv gxulqj kljko| yrodwloh shulrgv dqg/ frqvhtxhqwo|/ wu| wr
h{wudfw frpprq g|qdplfv iurp wkh yduldelolw| ihdwxuh1 Krzhyhu/ wkh suhvhqfh ri +frqglwlrqdo,
khwhurvnhgdvwlflw| fdq kdyh d vljqlfdqw lpsdfw rq w ru I whvwv ehfdxvh wkh yduldqfh0fryduldqfh
pdwulfhv duh qrw surshuo| hvwlpdwhg 0 vhh/ iru lqvwdqfh Kdplowrq +4<<7,/ Kd|dvkl +5333,/ dqg
Juhhqh +5336,1 Zh/ wkhuhiruh/ xvh d urexvw JPP whvw vwdwlvwlf dqg h{whqg wkh JLYH hvwlpdwru
e| wkh xvh ri Zklwh*v K1F1V1H1 hvwlpdwru vxfk wkdw
aC @
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zkhuh wkh rqo| glhuhqfh zlwk wkh xvxdo aCUT . hvwlpdwlrq lv wkh suhvhqfh ri dq dgglwlrqdo pdwul{
E frqvwuxfwhg vxfk wkdw
E @
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FFFFFD >
zlwk x| @ || [ |aCUT . > w @ 4 = = = W> wkh uhvlgxdov rewdlqhg xqghu krprvnhgdvwlflw| xvlqj
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wkh JLYH hvwlpdwlrq lq d uvw vwhs17 Zh pd| wkhq irup wkh iroorzlqj qhz vhtxhqfh ri uhvlgxdov
xW| @ || [ |aC >
dqg xvh wkhvh wr frpsxwh d qhz whvw urexvw wr khwhurvfhgdvwlflw|
Whvw @ +x
WZ,+ZEZ,3+ZxW,=
Wkh whvw vwdwlvwlf Whvw iroorzv dv|pswrwlfdoo| d "
2
Ev glvwulexwlrq xqghu wkh qxoo ri VFFI zkhuh
 @ q+s 5, . u . 4 iru v @ 4=
517 Qrqsdudphwulf Whvwv
Wkh lqwurgxfwlrq ri qrqsdudphwulf whvwv/ pruh urexvw wr vrph qrlvh lq wkh uhvlgxdov/ zloo
eh dssolhg diwhu wkh hvwlpdwlrq ri srwhqwldo frpprq ihdwxuh yhfwruv yld JLYH ru FFD1 Frqvh0
txhqwo|/ zh gr qrw xvh d qrqsdudphwulf hvwlpdwlrq ri wkh frpprq ihdwxuh vsdfh/ exw zh sursrvh
qrq0sdudphwulf ruwkrjrqdolw| whvwv wr ghwhfw wkh suhvhqfh ri frpprq ihdwxuhv1 Nhhslqj wkh
qrwdwlrq ri Fdpsehoo dqg Gxirxu +4<<8/ 4<<:, zh dqdo|}h wkh uhvshfwlyh ehkdylru ri wkh vljq
whvw V} dqg wzr yhuvlrqv ri wkh vljq udqn whvw/ VU} dqg Z} vxfk wkdw
V} @
A[
'
x++|| [ |a,6 Z S| ,>
7Dowhuqdwlyho|/ wkh Qhzh|0Zhvw hvwlpdwru fdq eh xvhg1
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zkhuh x+}, @ 4 li }  3 dqg x+}, @ 3 li } ? 3> Un| lv wkh udqn ri m+|| [ |a,6 Z S| m zkloh
Un2| lv wkh udqn ri m+|| [ |a,6m= Wkh vxshuvfulsw f phdqv wkdw wkh yduldeohv kdyh ehhq
fhqwhuhg zkhuh wkh fhqwhulqj lv edvhg rqo| rq lqirupdwlrq dydlodeoh dw wlph w> l1h1 iru d wlph
vhulhv ]|>
]S| @ ]| phgldq+]|> ]|3> ===> ]f,>
zkloh iru
]6| @ ]| phgldq+]A > ]A3> ===]f,>
wkh phgldq lv frpsxwhg rq wkh zkroh vdpsoh1
Wkh vwdqgdugl}hg vwdwlvwlfv
+V}  3=8W ,
3=8
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E2An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>
iroorz dv|pswrwlfdoo| dQ+3> 4, xqghu wkh qxoo k|srwkhvlv ri }hur fruuhodwlrq ehwzhhq wkh uhvlgxdov
dqg wkh lqvwuxphqwv +vhh Fdpsehoo dqg Gxirxu/ 4<<8/ 4<<:, iru d frpsohwh suhvhqwdwlrq ri wkhvh
whvw dqg wkhlu dv|pswrwlf glvwulexwlrqv,1
4:
Xqiruwxqdwho|/ dowkrxjk qrqsdudphwulf whvwv duh h{dfw lq qlwh vdpsoh zkhq wkh phgldq
lv nqrzq/ wkhlu ehkdylru lv pruh frpsolfdwhg zkhq sdudphwhuv duh hvwlpdwhg1 Fdpsehoo dqg
Gxirxu +4<<8/ 4<<:, sursrvh wr exlog d erxqg whvw zkhq wkh phgldq lv frpsxwhg iurp wkh
gdwd1 Wkh vlwxdwlrq zh idfh khuh lv vwloo pruh gl!fxow ehfdxvh zh xvh d wzr vwhs dssurdfk
wkdw lqyroyhv d orw ri xqnqrzq sdudphwhuv dqg wr wkh ehvw ri rxu nqrzohgjh/ hyhq d erxqg
whvw fdq qrw eh vhw xs lq wklv iudphzrun1 Zh ghflgh wkhq wr looxvwudwh wkh ehkdylru ri wkhvh
whvwv dv li wkh| zhuh h{dfw1 Zkhq pruh wkdq rqh ruwkrjrqdolw| uhvwulfwlrq lv whvwhg/ Erqihurql
erxqgv duh xvhg wr nhhs wkh ryhudoo vljqlfdqfh whvw dw lwv qrplqdo ohyho1 Iru lqvwdqfh/ lq rxu
vlpxodwlrq vwxg|/ zh kdyh irxu ruwkrjrqdolw| frqglwlrqv1 JLYH/ JPP dqg FFD surfhgxuhv
duh mrlqw vwdwlvwlfv iru wkhvh uhvwulfwlrqv1 Wr eh frpsdudeoh/ zh wdnh wkh pd{lpxp ydoxh ri wkh
lqglylgxdo qrqsdudphwulf whvwv dqg frqiurqw lw zlwk wkh vljqlfdqfh ohyho dw k
r Js Jo|J SJ?_|J?r =
Iru lqvwdqfh zlwk 7 ruwkrjrqdolw| frqglwlrqv dqg zlwk d vljqlfdqfh ohyho ri 8(/ zh orrn dw d
4158( vljqlfdqfh ohyho iru wkh odujhvw vwdwlvwlf1
6 Prqwh Fduor Vlpxodwlrqv
Rxu Prqwh Fduor h{shulphqwv duh edvhg rq d elyduldwh vwdwlrqdu| YDU zlwk wzr odjv dqg wkh
iroorzlqj Gdwd Jhqhudwlqj Surfhvv +GJS,=
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Uhvxowv duh lqghshqghqw ri wkh vhw ri frh!flhqwv xqghu wkh qxoo ri frpprq ihdwxuhv1 Wkh rqo|
sureohp frxog dulvh iurp wkh suhvhqfh ri zhdn lqvwuxphqwv wkdw zrxog rffxu li wkh sdudphwhuv
duh wrr forvh wr }hur1 Lw lv zk| zh fkrrvh frh!flhqw ydoxhv odujh hqrxjk wr dyrlg wkdw sureohp
dqg frqvlghu d g|qdplfv ri rughu 5 riwhq suhvhqwhg iru pdfurhfrqrplf wlph vhulhv1 Wklv surfhvv
plplfv wzr vhulhv zkrvh f|folfdo  xfwxdwlrqv duh frxqwhuf|folfdo vxfk dv rxwsxw dqg xqhpsor|0
phqw iru lqvwdqfh1 Lqghhg/ xqghu wkh qxoo ri vhuldo fruuhodwlrq frpprq ihdwxuhv/ wkhuh h{lvwv d
yhfwru 

@ +4 4, zkrvh suhpxowlsolfdwlrq jlyh || @ |2| .  . |> zkhuh | lv d zklwh qrlvh1
Lq hdfk fdvh zh jhqhudwh W . 433 revhuydwlrqv dqg zh gurs wkh uvw 433 wr ohw wkh surfhvv eh
lqghshqghqw ri wkh lqlwldo frqglwlrqv1 43/333 uhsolfdwlrqv zlwk wkuhh vdpsoh vl}hv +W @ 83> 533
dqg 833, duh shuiruphg1
Wzr w|shv ri plvvshflfdwlrq kdyh wkhq ehhq lqwurgxfhg wr plplf wkh qdqfldo wxuprlo1
4<
Iluvw/ dq lqqrydwlrqdo rxwolhu rq wkh glvwxuedqfhv ri rqh yduldeoh lv lqwurgxfhg1 Pruh suhflvho|/
iru wzr glhuhqw srvlwlrqv lq wkh vdpsoh/ wW @ W@5 dqg wW @ 6W@7> zh kdyh sxw d odujh vkrfn vxfk
wkdw %|W @ 53%|= Wkh| duh uhsruwhg dv VkrfnA*2 dqg VkrfnA*e lq Wdeoh 41 Vhfrqg/ wkh frqvh0
txhqfhv ri wlph ydu|lqj frqglwlrqdo khwhurvfhgdvwlflw| duh dovr lqyhvwljdwhg yld d JDUFK+4/4,/
jhqhudwhg iurp wkh Eroohuvohy +4<<3, pxowlyduldwh frqvwdqw JDUFK fruuhodwlrq prgho vxfk wkdw=
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zlwk %| @ +%|> %2|, dqg x| @ +x|> x2|, zkhuh x| duh wzr lqghshqghqw Q+3> 4, dqg zkhuh K| lv
ghulyhg iurp wkh Fkrohvn| ghfrpsrvlwlrq ri K| @ K| K

|= Zh kdyh frqvlghuhg lq +:, qxphulfdo
ydoxhv wkdw jlyh xqfrqglwlrqdo +orqj0uxq, yduldqfhv $ @
/
3k3q
htxdo wr 4/ wkdw lv wr vd| wkh
vdph rqh zh kdyh xqghu wkh prgho zlwkrxw JDUFK +llg,1 Qrwlfh wkdw wkh whvwv duh vwloo ydolg iru
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lqwhjudwhg JDUFK +LJDUFK,1 Zh fkrrvh wzr vhwv ri sdudphwhuv riwhq hqfrxqwhuhg lq sudfwlfh
qdpho| d prgho zlwk d vwhhs qhzv lpsdfw fxuyh +$> > , @ +3=34> 3=53> 3=:<, dv zhoo dv d prgho
zlwk d ohvv vwhhs lpsdfw fxuyh +$> > , @ +3=34> 3=43> 3=;<,1
LQVHUW WDEOH 4
Wdeoh 4 uhsruwv wkh uhmhfwlrq iuhtxhqflhv +qdpho| wkh hpslulfdo vl}h, ri wkh glhuhqw VFFI
whvwv xqghu llg glvwxuedqfhv dqg xqghu ydulrxv plvvshflfdwlrqv1 Zlwk llg glvwxuedqfhv/ prvw
whvwv kdyh dq hpslulfdo vl}h forvh wr wkh qrplqdo rqh +l1h1 8(, h{fhsw VU} dqg Z} zklfk duh
voljkwo| xqghuvl}hg1 Vxfk d ehkdylru kdv dovr ehhq qrwlfhg e| Fdpsehoo dqg Gxirxu +4<<8/ 4<<:,
dqg frxog eh dpsolhg lq rxu fdvh iru vhyhudo uhdvrqv= Iluvw/ zh gr qrw frqvlghu erxqg whvwv/
zklfk pljkw prglhg wkh fulwlfdo ydoxh ri lqglylgxdo whvwv dqg ã iruwlrul wkh uhmhfwlrq iuhtxhqflhv
ri wkh mrlqw whvw1 Vhfrqg/ wkh qxpehu ri ruwkrjrqdolw| frqglwlrqv duh uhodwlyho| odujh1 Wklv frxog
ohdg wr dq xqghuhvwlpdwlrq ri wkh fulwlfdo ydoxh ri wkh whvwv1
Lq wkh suhvhqfh ri dq lqqrydwlrqdo rxwolhu/ JLYH dqg FFD whvwv suhvhqw vl}h glvwruwlrq dqg
duh xqghuvl}hg/ zkhuhdv qrqsdudphwulf dqg urexvw JPP whvwv ehkdyh fruuhfwo| dqg kdyh wkhlu
vl}h durxqg wkh qrplqdo rqh1 Wzr uhpdunv fdq eh vhw xs= Iluvw/ wkh urexvw JPP lv xqghuvl}hg
zkhq wkh vdpsoh vl}h lv vpdoo +83 revhuydwlrqv, zklfk lv qrw wkh fdvh ri qrq0sdudphwulf whvwv1
Vxfk d uhvxow lv hdv| wr xqghuvwdqg dv zh xvh dv|pswrwlf glvwulexwlrq ri wkh urexvw JPP whvw1
54
Vhfrqg/ wkh srvlwlrq ri wkh lqqrydwlyh rxwolhu kdv qr hhfw rq wkh uhvshfwlyh vl}h ri wkh VFFI
whvwv1
Wkh pdmru glhuhqfhv ehwzhhq wkh whvwv dsshdu lq wkh suhvhqfh ri JDUFK lq wkh huuru
surfhvv1 Wkh vl}hv ri erwk wkh JLYH dqg wkh FFD surfhgxuhv lqfuhdvh gudpdwlfdoo| zlwk wkh
ydoxh ri  lq wkh JDUFK dqg/ pruh sureohpdwlfdoo|/ zlwk wkh qxpehu ri revhuydwlrqv1 Wkdw
ohdgv wkhvh whvwv wr eh xquholdeoh iru hpslulfdo dqdo|vhv zlwk yrodwloh vhulhv1 Erwk wkh urexvw
JPP dqg qrq sdudphwulf whvw jlyh wkh fruuhfw vl}h1 Wr kdyh d pruh suhflvh fohdu0fxw/ dq
dqdo|vlv ri wkh srzhu ri wkh whvwv lv khosixo1 Wdeoh 5 uhsruwv wkh vl}h xqdgmxvwhg srzhu18 Lw wxuqv
rxw wkdw wkh sdudphwulf whvw grplqdwhv qrq0sdudphwulf rqhv lq whup ri srzhu1 Wklv uhvxow lv
qrw vxusulvlqj dv qrq0sdudphwulf whvwv gr qrw xvh wkh lqirupdwlrq rq wkh yduldqfh1 Ixuwkhupruh/
zh gr qrw kdyh qlwh ru dv|pswrwlf uhvxowv iru qrqsdudphwulf whvwv zkhq vhyhudo sdudphwhuv duh
hvwlpdwhg lq d wzr vwhs dssurdfk1
LQVHUW WDEOH 5
Wklv vlpxodwlrq vhfwlrq surylghv vxssruw lq idyru ri wkh urexvw JPP surfhgxuh1 Jlyhq
wkh uhodwlyh ihz dgglwlrqdo frpsxwdwlrq lqyroyhg e| wklv whvw/ lw lv vxusulvlqj wkdw lw lv qrw
pruh riwhq xvhg lq hpslulfdo zrunv1 D pruh jhqhudo JPP whvw lv jhqhudoo| xvhg wr fruuhfw iru
8Wkhvh uhvxowv duh rewdlqhg e| uhsodflqj lq wkh uvw dxwruhjuhvvlyh pdwul{ ri wkh GJS/ wkh ydoxh 315 ri wkh
vhfrqg urz/ vhfrqg froxpq/ e| 03151
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PD frpsrqhqw +Frghshqghqw f|foh dssurdfk ri Ydklg dqg Hqjoh/ 4<<:,/ exw khwhurvfhgdvwlflw|
eldvhv duh uduho| wdnhq lqwr dffrxqw1
7 Hpslulfdo Uhvxowv
Zh dsso| rxu phwkrgrorj| wr wkh dqdo|vlv ri qdqfldo frqwdjlrq gxulqj wkh 4<<: Krqj Nrqj
vwrfn pdunhw fulvlv/ zklfk lv rqh ri wkh ohdglqj fdvh0vwxglhv lq Iruehv dqg Uljrerq +5335,/ dqg
wkh 4<<7 Ph{lfdq shvr fulvlv1 Xvlqj wkh Rfwrehu fudvk ri wkh Krqj Nrqj pdunhw dv wkh prvw
olnho| hyhqw wr gulyh frqwdjlrq/ zh ghqh rxu shulrg ri wxuprlo dv odvwlqj iurp Rfwrehu 4:/
4<<: +wkh fudvk ri wkh vwrfn pdunhw lq Krqj Nrqj fudvk/ zklfk soxqjhg e| 58 shu fhqw lq mxvw
irxu gd|v vwduwlqj rq 4: Rfwrehu 4<<:, wr wkh hqg ri wklv prqwk1 Zh ghqh wkh ixoo shulrg dv
vwuhwfklqj iurp 4 Mdqxdu| 4<<9 wr 64 Ghfhpehu 4<<;1 Iru wkh 4<<7 Ph{lfdq shvr fulvlv/ zh
ghqh wxuprlo dqg ixoo shulrgv dv odvwlqj iurp 4< Ghfhpehu/ 4<<7 +wkh gd| wkh h{fkdqjh udwh
uhjlph zdv dedqgrqhg, wkurxjk 64 Ghfhpehu/ 4<<7 dqg iurp 4 Mdqxdu|/ 4<<6 wr 64 Ghfhpehu/
4<<8/ uhvshfwlyho|1 Iru erwk fulvhv/ wkh wzr vxeshulrgv ehiruh dqg diwhu wkh wxuprlo duh dovr
frqvlghuhg vhsdudwho|1 Wkh gdwd vhw frqvlvwv ri hqg0ri0gd| vwrfn sulfh lqgh{hv lq orfdo fxuuhqflhv
rewdlqhg iurp Gdwdvwuhdp1
Lq rxu ehqfkpdun hvwlpdwlrq ri wkh lqwhuqdwlrqdo lpsdfw ri wkh Rfwrehu 4<<: vwrfn pdunhw
fulvlv lq Krqj Nrqj dqg wkh Ghfhpehu 4<<7 shvr fulvlv lq Ph{lfr/ zh uvw ghwhuplqh wkh rswlpdo
odj ohqjwk iru hdfk elyduldwh v|vwhpv +YDU lq ohyho,1 Lq rughu wr whvw iru wkh suhvhqfh ri d
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frlqwhjudwlqj yhfwru/ zh shuirup wkh Mrkdqvhq pxowlyduldwh frlqwhjudwlrq whvw +Mrkdqvhq/ 4<<8,/
zkhuh wkh odj ohqjwk ri wkh elyduldwh v|vwhpv uholhv rq wkh DLF lqirupdwlrq fulwhulrq1
LQVHUW WDEOH 6
Iurp Wdeoh 6 / zh qrwlfh wkdw wkh rswlpdo odj ohqjwk iru wkh prghov lq ohyhov ydulhv iurp 5
wr ;/ wkxv vxssruwlqj doo wkh elyduldwh v|vwhpv zlwk dq lqirupdwlyh g|qdplf sduw dqg vxjjhvwlqj
wkh srvvlelolw| ri d uhgxfwlrq xqghu frpprq ihdwxuh uhvwulfwlrqv1 Ixuwkhupruh/ wkh frlqwhjudwlrq
dqdo|vlv uhmhfwv wkh suhvhqfh ri d orqj uxq uhodwlrqvkls dprqj doo elyduldwh Odwlq Dphulfdq dqg
Dvldq v|vwhpv1 Lw/ krzhyhu/ whqgv wr frqup wkh devhqfh ri orqj0uxq fdxvdolw| ehwzhhq vwrfn
pdunhwv/ hyhq li wkh frxqwulhv ehorqj wr wkh vdph jhrjudsklfdo duhd1 Wkh frpprq ihdwxuh
dqdo|vlv zloo wkxv eh shuiruphg e| xvlqj wkh YDU lq uvw glhuhqfhv zlwk s  4 odjv lq wkh
uljkw0kdqg0vlgh htxdwlrqv1 Wdeoh 6 dovr uhsruwv JDUFK sdudphwhu hvwlpdwhv rq h{fhvv uhwxuqv1
Lqwhuhvwlqjo|/ wkh JDUFK sdudphwhuv uhyhdo d vwhhshu qhzv lpsdfw fxuyh iru wkh Odwlq Dphulfdq
frxqwulhv + 5~313;9/316;:,/ wkdq iru Dvldq frxqwulhv + 5~3139;/31545, zkrvh yrodwlolw| lv
pruh shuvlvwhqw zlwk d kljkhu ydoxh ri 1
Rqfh wkh suholplqdu| uhvxowv duh vhwwohg/ zh wxuq wr rxu frpprq ihdwxuhv whvw dqg hvwlpdwlrq
surfhgxuhv iru vkliw0frqwdjlrq1 Dv vkrzq ehiruh/ erwk JLYH dqg urexvw JPP duh uhjuhvvlrq
whfkqltxhv dqg uhtxluh d qrupdol}dwlrq/ l1h1 wkh fkrlfh ri d ghshqghqw yduldeoh1 Wdeohv 7 dqg 8
suhvhqw wkh uhvxowv iru wkh wzr qrupdol}dwlrqv 0 rqh rq wkh ehqfkpdun frxqwu| +Krqj Nrqj ru
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Ph{lfr,/ dqg rqh rq wkh rwkhu frxqwu|1 Lq sduwlfxodu/ wkh s  ydoxhv ri wkh JLYH dqg urexvw
JPP whvwv duh uhsruwhg1 Qrwh wkdw zh uhsruw wkh hvwlpdwhg frh!flhqwv rqo| zkhq wkh suhvhqfh
ri d frpprq ihdwxuh lv qrw uhmhfwhg dw wkh 8( vljqlfdqfh ohyho1 Dovr/ zkhq wkh qxoo ri frpprq
ihdwxuh lv uhmhfwhg zlwk d s  ydoxh vpdoohu wkdq 3134/ dq hqwu| ? 3=34 lv lqwurgxfhg lq wkh
fruuhvsrqglqj fhoov1
LQVHUW WDEOHV 7 dqg 8
Iurp wkh wdeohv/ vhyhudo sdwwhuqv duh lpphgldwho| dssduhqw1 Lq vrph fdvhv/ wkh krprvfhgdvwlf
JLYH dqg urexvw JPP hvwlpdwlrqv surylgh glhuhqw hpslulfdo uhvxowv frqfhuqlqj wkh suhvhqfh ri
frpprq ihdwxuhv1 Iru lqvwdqfh/ wkh JLYH whvw uhmhfwv wkh suhvhqfh ri frpprq ihdwxuhv ehwzhhq
Krqj Nrqj dqg Pdod|vld dqg ehwzhhq Krqj Nrqj dqg Lqgrqhvld iru doo exw rqh vxevdpsoh/
zkhuhdv wkh urexvw JPP whvw zrxog ohdg xv wr dffhsw wkh qxoo k|srwkhvlv ri d frpprq ihdwxuh1
Wkhvh uhvxowv frqup rxu suhylrxv vlpxodwlrqv/ uhyhdolqj wkdw lq suhvhqfh ri JDUFK/ wkh JLYH
hvwlpdwlrq kdv vl}h glvwruwlrqv lq frpsdulvrq zlwk wkh urexvw JPP whvw1 Lq dgglwlrq/ wkh fkrlfh
ri wkh qrupdol}dwlrq frxqwu| kdv rqo| d plqru lpsdfw rq wkh +JPP, uhvxowv/ hvshfldoo| iru wkh
Dvldq frxqwulhv1 Iru doo exw rqh fdvhv 0 wkh Sklolsslqhv 0 wkh hpslulfdo whvw uhvxowv duh urexvw
wr dowhulqj wkh qrupdol}dwlrq1 Krzhyhu/ iru wkh Odwlq Dphulfdq frxqwulhv wkh JPP whvw uhvxowv
glhu iru Yhqh}xhod/ Frorpeld dqg Fkloh1
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Qrwh wkdw zh ghqh wkh devhqfh ri vkliw0frqwdjlrq +*lqwhughshqghqfh*, dv d v|vwhp fkdudf0
whul}hg e| wkh vdph wudqvplvvlrq phfkdqlvp iru erwk vxeshulrgv/ qdpho| wkh suh dqg srvw0fulvlv
shulrgv1 Wkh wudqvplvvlrq phfkdqlvp gxulqj wkh fulvlv/ wkhuhiruh/ lv qrw lqkhuhqwo| glhuhqw
wkdq wkdw ehiruh wkh vkrfn1 Pruhryhu/ wkh dffhswdqfh ri wkh vhuldo fruuhodwlrq frpprq ihdwxuh
k|srwkhvlv iru wkh ixoo shulrg doorzv xv wr dvvxph wkdw wkhuh lv qr vwuxfwxudo euhdn lq wkhvh
uhodwlrqvklsv1
Iurp wkh wdeohv/ lw lv fohdu wkdw e| xvlqj wkh urexvw JPP zh fdqqrw uhmhfw wkh frpprq
f|folfdo ihdwxuh qxoo k|srwkhvlv iru wkh Dvldq frxqwulhv/ zkhuhdv wkh uhvxowv iru wkh Odwlq Dphu0
lfdq frxqwulhv duh udwkhu pl{hg ghshqglqj pdujlqdoo| rq fkrlfh ri wkh qrupdol}dwlrq frxqwu|1
Iru lqvwdqfh/ zh qg vrph hylghqfh ri frqwdjlrq iurp wkh Ph{lfdq vwrfn pdunhw wr wkh vwrfn
pdunhwv lq Yhqh}xhod/ Frorpeld dqg Fkloh1
Lq dgglwlrq wr dgguhvv wkh txhvwlrq zkhwkhu wkh olqn +frpprp g|qdplfv, ehfrphv vwurqjhu
diwhu d fulvlv/ zh dujxh wkdw wkh Dvldq qglqjv edvhg rq wkh h{lvwhqfh ri d frpprq vhuldo
fruuhodwlrq ihdwxuh vxhu iurp d pdmru gudzedfn> wkh dffhswdqfh ri wkh VFFI k|srwkhvlv lv d
qhfhvvdu|/ exw qrw vx!flhqw frqglwlrq wr dvvxph wkh devhqfh ri vkliw0frqwdjlrq1 Zh/ wkhuhiruh/
h{whqg wkh dqdo|vlv e| frqvlghulqj wkh udwlr ri wkh yduldqfh ri wkh frpprq idfwru wr wkh wrwdo
yduldqfh ehiruh dqg diwhu wkh fulvlv1 Li wklv udwlr grhv qrw fkdqjh vljqlfdqwo|/ lw zrxog phdq wkdw
wkhuh kdv ehhq qr vljqlfdqw fkdqjh lq wkh wudqvplvvlrq phfkdqlvp gxulqj +ru gluhfwo| diwhu,
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wkh fulvlv xqghu lqyhvwljdwlrq1 Zh iroorz Fruvhwwl hw do1 +5335, sulqflsdo frpsrqhqw prghov
e| xvlqj wkh udwlr ri wkh yduldqfh ri wkh frxqwu| vshflf vkrfn wr wkh yduldqfh ri wkh frpprq
idfwru zhljkwhg e| lwv idfwru ordglqj1 Pruh vshflfdoo|/ zh sursrvh d vlplodu U2 vwdwlvwlf 0
wkh udwlr ri wkh yduldqfh ri wkh f|folfdo g|qdplfv wr wkh yduldqfh ri wkh frpprq idfwru/ ru/
lghqwlfdoo| wkh U2 ri d uhjuhvvlrq ri wkh prvw f|folfdo uhodwlrqvkls rq wkh frpprq idfwru 0 dqg
whvw zkhwkhu wklv whvw vwdwlvwlf lqfuhdvhv vljqlfdqwo| gxulqj +ru gluhfwo| diwhu, wkh fulvlv xqghu
lqyhvwljdwlrq +U2r2  U2r, A 3/ zkhuh v2+v, uhsuhvhqwv wkh srvw0fulvlv +suh0fulvlv, shulrg1 Zh
wkxv frqvlghu wkh qxoo k|srwkhvlv U2r2 U2r @ 3 dqg ghulyh wkh fruuhvsrqglqj whvw glvwulexwlrq
wkurxjk Prqwh0Fduor vlpxodwlrqv19
LQVHUW WDEOHV 9
Lq Wdeoh 9/ zh suhvhqw glhuhqw hpslulfdo txdqwlohv ri wkh glvwulexwlrq ri U2r2  U2r1 Zh
uhsruw wkh wuxh glhuhqfh rewdlqhg iurp klvwrulfdo gdwd wrjhwkhu zlwk wkh phgldq/ wkh ;3(/
<3(/ dqg <8( frqghqfh lqwhuydov rewdlqhg iurp 431333 Prqwh0Fduor uhsolfdwlrqv1: Wkh uhvxowv
lqglfdwh wkdw wkh sursruwlrq ri wkh yduldqfh ri wkh frpprq f|foh h{sodlqhg e| frpprq g|qdplfv
kdv lqfuhdvhg lq irxu frxqwulhv1 Krzhyhu/ iru doo fdvhv wkh whvw vwdwlvwlf glhuv qrw vwdwlvwlfdoo|
iurp }hur> wkh zhljkw ri wkh frpprq idfwru kdv qrw vljqlfdqwo| lqfuhdvhg gxulqj wkh Dvldq
fulvlv dqg vxjjhvwv wkh devhqfh ri vkliw0frqwdjlrq +lqwhughshqghqfh,1
9Vhh Dsshqgl{ 4 iru wkh ghulydwlrq ri wkh glvwulexwlrq1
:Qrwh wkdw iru wkh Dvldq frxqwulhv/ wkh fkrlfh ri wkh qrupdol}dwlrq frxqwu| kdv rqo| d plqru lpsdfw rq wkh
+JPP, uhvxowv1 Lq Wdeoh 9/ wkhuhiruh/ zh rqo| frqvlghu Krqj Nrqj dv wkh uhihuhqfh frxqwu|1
5:
Ryhudoo/ rxu qglqjv vxjjhvw wkdw wkhuh lv qr orqjhu hylghqfh ri d vljqlfdqw fkdqjh lq
wkh wudqvplvvlrq phfkdqlvp iurp Krqj Nrqj wr dq| ri rwkhu frxqwu| lq rxu vdpsoh> prvw
qdqfldo vkrfnv duh wkxv wudqvplwwhg wkurxjk qrq0fulvlv0frqwlqjhqw fkdqqhov1 Wkhvh uhvxowv fdq
eh lqwhusuhwhg dv hylghqfh ri d kljk ohyho ri pdunhw fr0pryhphqw gxulqj doo vwdwhv ri wkh zruog
dqg txhvwlrq wkh k|srwkhvlv ri frqwdjlrq lq wkh lqwhuqdwlrqdo wudqvplvvlrq ri qdqfldo vkrfnv
gxulqj wkh 4<<: Dvldq fulvlv/ dqg wr d ohvvhu h{whqg/ wkh 4<<7 Ph{lfdq shvr fulvlv1;
8 Frqfoxvlrq
Wklv sdshu kdv dlphg dw sursrvlqj d qhz hpskdvlv lq wkh dqdo|vlv ri frqwdjlrq lq qdqfldo
pdunhwv e| frqvlghulqj d phdvxuh ri fr0pryhphqw edvhg rq wkh qrwlrq ri frpprq f|fohv1 Lq
frqwudvw wr vwxglhv edvhg rq vlpsoh fruuhodwlrq dqdo|vlv/ dv sursrvhg e| Iruehv dqg Uljrerq
+5335,/ zh uho| rq wkh frqfhsw ri vhuldo fruuhodwlrq frpprq ihdwxuh +VFFI, wr ghwhfw vkruw0uxq
fr0pryhphqwv ehwzhhq d vhw ri wlph vhulhv1 Zh kdyh vkrzq wkurxjk Prqwh Fduor vlpxodwlrqv
wkdw urexvw JPP dqg qrqsdudphwulf ruwkrjrqdolw| whvwv duh yhu| khosixo lq ghwhfwlqj vwuxfwxudo
euhdnv lq wkh phfkdqlvp ri fulvlv wudqvplvvlrq dfurvv frxqwulhv hyhq lq wkh suhvhqfh ri wlph0
ydu|lqj yrodwlolwlhv1
Lq rughu wr whvw zkhwkhu lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvpv fkdqjh gxulqj qdqfldo fulvlv/
;Qrwh wkdw Iruehv dqg Uljrerq +5335, shuirup vhqvlwlylw| dqdo|vhv zlwk uhvshfw wr ehqfkpdun frxqwulhv dqg
hvwlpdwlrq shulrgv1 Lw wxuqv rxw wkdw wkhlu qglqjv gr qrw fkdqjh vljqlfdqwo|1 Zh shuirup wkh vdph nlqg ri whvw
e| h{whqglqj wkh wxuprlo shulrg rqh prqwk ehiruh dqg rqh prqwk diwhu1 Fruuhvsrqglqjo|/ rxu qglqjv gr qrw
fkdqjh vljqlfdqwo| iru wkhvh qhz vxeshulrgv1
5;
zh dsso| rxu phwkrgrorj| wr wkh lqwhuqdwlrqdo hhfwv ri wkh 4<<7 Ph{lfdq shvr fulvlv dqg wkh
4<<: Dvldq fulvlv1 Ryhudoo/ wkh uhvxowv fdq eh lqwhusuhwhg dv hylghqfh ri d kljk ohyho ri pdunhw
fr0pryhphqw gxulqj doo vwdwhv ri wkh zruog dqg/ wkhuhiruh/ txhvwlrq wkh k|srwkhvlv ri frqwdjlrq
lq wkh lqwhuqdwlrqdo wudqvplvvlrq ri qdqfldo vkrfnv gxulqj wkh 4<<: Dvldq fulvlv/ dqg wr d
ohvvhu h{whqg/ wkh 4<<7 Ph{lfdq shvr fulvlv/ uhvshfwlyho|1 Lq sduwlfxodu/ zh rqo| qg hylghqfh
ri frqwdjlrq iurp wkh Ph{lfdq vwrfn pdunhw wr wkh vwrfn pdunhwv lq Yhqh}xhod/ Frorpeld dqg
Fkloh1 Rxu uhvxowv duh lq olqh zlwk wkh qglqjv ri Iruehv dqg Uljrerq +5335,/ dffruglqj wr zklfk
wkhuh lv *qr frqwdjlrq/ rqo| lqwhughshqghqfh*> odujh furvv0pdunhw olqndjhv diwhu d vkrfn duh phuho|
d frqwlqxdwlrq ri vwurqj wudqvplvvlrq phfkdqlvpv wkdw douhdg| h{lvwhg lq pruh vwdeoh shulrgv/
vxjjhvwlqj wkdw prvw vkrfnv duh wudqvplwwhg wkurxjk qrq0fulvlv0frqwlqjhqw fkdqqhov/ vxfk dv
wkrvh edvhg rq wudgh/ srolf| frruglqdwlrq dqg udqgrp djjuhjdwh vkrfnv1
Wklv sdshu sursrvhv d iudphzrun/ zklfk fdq eh uhjdughg dv d uvw vwhs lq wkh dqdo|vlv ri
wkh vkliw0frqwdjlrq surfhvvhv1 Lq rxu ylhz/ ixwxuh zrun vkrxog eh gluhfwhg lq wzr zd|v1 Iluvw/
lw frxog eh lqwhuhvwlqj wr frqvlghu pxowlyduldwh dqdo|vlv udwkhu wkdq elyduldwh YDU/ zkhuh wkh
ghedwdeoh fkrlfh ri d ehqfkpdun frxqwu| lq qr orqjhu ydolg1 Vhfrqg/ rxu uhvxow ri *qr frqwdjlrq/
rqo| lqwhughshqghqfh* kdv wr eh frquphg e| xvlqj ydulrxv qrq0qdqfldo lqglfdwruv dqg vkrxog
qrw rqo| eh gxh wr wkh duelwudu| uhvwulfwlrq ri wkh h{foxvlyh xvh ri vwrfn h{fkdqjh gdwd1 Dgrswlqj
glhuhqw uhdo yduldeohv/ vxfk dv lqgxvwuldo surgxfwlrq/ fdslwdo  rzv dqg lqwhuhvw udwhv/ pd| yhu|
5<
zhoo ohdg wr d uhmhfwlrq wkh qxoo k|srwkhvlv ri *qr frqwdjlrq*/ dqg lqglfdwh zklfk sursdjdwlrq
phfkdqlvpv duh wkxv prvw lpsruwdqw1 Lq wklv uhvshfw/ lw pd| eh dgydqwdjhrxv wr ghwhuplqh
hqgrjhqrxvo| wkh gdwh ri wkh wxuprlo 0 vhh/ iru lqvwdqfh wkh PV0YDU dssurdfk ri Fdqghorq dqg
Khft +5335,1
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Dfnqrzohgjhphqwv
Wkh dxwkruv judwhixoo| dfnqrzohgjh qdqfldo vxssruw iurp PHWHRU wkurxjk wkh uhvhdufk
surmhfw Pdfurhfrqrplf frqvhtxhqfhv ri qdqfldo lqvwdelolw|1 Iru wkhlu khosixo frpphqwv dqg
vxjjhvwlrqv/ wkh dxwkruv wkdqn wkh Hglwru/ wzr dqrq|prxv uhihuhhv/ dqg sduwlflsdqwv dw wkh 5335
Odwlq Dphulfdq Hfrqrphwulf Vrflhw| phhwlqjv lq Vdr Sdxor/ wkh 5335 Hxurshdq Vrflhw| Hfrqr0
phwulf phhwlqjv lq Yhqlfh dqg wkh 5335 Frpprq Ihdwxuhv phhwlqj lq Ulr1 Wkh xvxdo glvfodlphu
dssolhv1
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Dsshqgl{ 4= Glvwulexwlrq ri wkh vwdwlvwlfv yld Prqwh0Fduor vlp0
xodwlrqv
Ohw xv frqvlghu d sduwlfxodu v|vwhp/ frpsrvhg e| 5 frxqwulhv1
Vwhs D0 iru wkh suh0fulvlv shulrg1
vwhs D40 Gudz d vhtxhqfh %c| iurp d Q+3> a
2
,/ zkhuh w dqg a
2
 uhsuhvhqw wkh qxpehu
ri revhuydwlrqv dqg a2 dq hvwlpdwru ri wkh yduldqfh1
vwhs D50 Jhqhudwh d Prqwh0fduor svhxgr0vdpsoh +\ W| , ri vl}h w xvlqj wkh fhqwhuhg
vhtxhqfh %c| dqg wkh hvwlpdwruv ri wkh YDU sdudphwhuv lq htxdwlrq +4,1 Dgg dovr d pxowlyduldwh
frqvwdqw JDUFK fruuhodwlrq vwuxfwxuh/ hvwlpdwhg rq wkh gdwd1<
vwhs D60 Hvwlpdwh wkh frihdwxuh yhfwru W dqg irup lwv ruwkrjrqdo frpsohphqw W
z
iurp
wkh svhxgr0vdpsoh +\ W| , dqg d nqrzq odj ohqjwk n1
vwhs D70 Fduu| rxw dq ROV uhjuhvvlrq iurp W
z
\ W| rq \
W
|3> = = = >\
W
|3Rn dqg dq
lqwhufhsw1 Frpsxwh wkhq U
2E6
r > qdpho| wkh sursruwlrq ri wkh yduldqfh ri wkh prvw f|folfdo
uhodwlrqvkls h{sodlqhg e| wkh frpprq idfwru1
Vwhs E4 wr E70 Uhshdw vwhsv D4 wr D7 iru wkh fkdudfwhulvwlfv ri wkh srvw0fulvlv shulrg/
dqg rewdlq U
2E6
r2 1
Vwhs F0 Uhshdw D4 wr E7 d odujh qxpehu ri wlph +vd| P,/ frpsxwh dw hdfk uhsolfdwlrq
< Lw wxuqv rxw wkdw lq doo fdvhv vwxglhg lq wkh hpslulfdo sduw/ wkh hvwlpdwhg JDUFK vwuxfwxuh suhvhqwv sdudphwhuv
forvhg wr wkh rqhv fkrvhq lq wkh vlpxodwlrq sduw1 Wkh frqvwdqw fruuhodwlrq frh!flhqw olhv ehwzhhq ^315/3197`1
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VwE6 @ U
2E6
r2  U
2E6
r iru p @ 4> ===>P dqg exlog wkh glvwulexwlrq ri V|=
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Uhihuhqfhv
Dqghuvrq/ W1Z1/ 4<;71 Dq Lqwurgxfwlrq wr Pxowlyduldwh Vwdwlvwlfdo Dqdo|vlv1 Mrkq Zloh|
) Vrqv/ Qhz \run1
Dqghuvrq/ K1P1 dqg Ydklg/ I1 4<<;1 Whvwlqj pxowlsoh htxdwlrq v|vwhpv iru frpprq
qrqolqhdu frpsrqhqwv1 Mrxuqdo ri Hfrqrphwulfv ;7/ 40691
Edlj/ W1 dqg Jrogidmq/ L1 4<<;1 Ilqdqfldo pdunhw frqwdjlrq lq wkh dvldq fulvhv1 LPI
Zrunlqj Sdshu Qr1 <;24881
Ehlqh/ P1 dqg Khft/ D1 4<<<1 Lqihuhqfh lq frghshqghqfh= vrph prqwh fduor uhvxowv dqg
dssolfdwlrqv1 Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 87/ 9<0<31
Eroohuvohy/ W1/ 4<<31 Prghoolqj wkh frkhuhqfh lq vkruw0uxq qrplqdo h{fkdqjh udwhv= d
pxowlyduldwh jhqhudol}hg DUFK prgho/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :5/ 7<;08381
Fdoyr/ V1 dqg F1 Uhlqkduw/ 4<<81 Fdslwdo lq rzv wr odwlq dphulfd= lv wkhuh hylghqfh ri
frqwdjlrq hhfwvB/ Zruog Edqn dqg Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Plphr1
Fdpsehoo/ E1 dqg Gxirxu/ M10P1/ 4<<81 H{dfw qrqsdudphwulf ruwkrjrqdolw| dqg udqgrp
zdon whvwv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ::/ 40491
Fdpsehoo/ E1 dqg Gxirxu/ M10P1/ 4<<:1 H{dfw qrqsdudphwulf whvwv ri ruwkrjrqdolw|
dqg udqgrp zdon lq wkh suhvhqfh ri d guliw sdudphwhu1 Lqwhuqdwlrqdo Hfrqrplfv Uhylhz 6;/
48404:61
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Fdqghorq/ E1 dqg Khft/ D1 53351 Pxowl0uhjlph frpprq f|folfdo ihdwxuh/ Zrunlqj Sdshu
Pddvwulfkw Xqlyhuvlw|/ UP23523831
Fodhvvhqv/ V1 dqg Iruehv/ N1 53341 Lqwhuqdwlrqdo Ilqdqfldo Frqwdjlrq1 Noxzhu Dfd0
ghplf Sxeolvkhuv/ Ervwrq/ Gruguhfkw/ Orqgrq/ ss1760991
Fruvhwwl/ J1/ Shulfrol/ P1 dqg Veudfld/ P1/ 53351 Vrph frqwdjlrq/ vrph lqwhughshq0
ghqfh/ pruh slwidoov lq whvwv ri qdqfldo frqwdjlrq1 Zrunlqj Sdshu Uhvhdufk Ghsduwphqw Edqn
ri Lwdo|1
Fxedggd/ J1 dqg Khft/ D1/ 53341 Rq qrq0frqwhpsrudqhrxv vkruw0uxq frpryhphqwv1
Hfrqrplfv Ohwwhuv :6/ 6;<06<:1
Hlfkhqjuhhq/ E1/ Urvh D1 dqg Z|sorv}/ F1/ 4<<91 Frqwdjlrxv fxuuhqf| fulvhv1 QEHU
Zrunlqj Sdshu 9:891
Hqjoh/ U1I1 dqg Nr}lfnl/ V1/ 4<<61 Whvwlqj iru frpprq ihdwxuhv1 Mrxuqdo ri Exvlqhvv
dqg Hfrqrplf Vwdwlvwlfv/ 44/ 69<06<81
Iruehv/ N1M1 dqg Uljrerq/ U1/ 53341 Phdvxulqj Frqwdjlrq= Frqfhswxdo dqg Hpslulfdo
Lvvxhv1 Lq= Fodhvvhqv/ V1 dqg N1 Iruehv +Hgv1,/ Lqwhuqdwlrqdo Ilqdqfldo Frqwdjlrq/ Noxzhu
Dfdghplf Sxeolvkhuv1
Iruehv/ N1M1 dqg Uljrerq/ U1/ 53351 Qr frqwdjlrq/ rqo| lqwhughshqghqfh= phdvxulqj
vwrfn pdunhw fr0pryhphqwv1 Mrxuqdo ri Ilqdqfh 8:+8,/ 5556055941
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Juhhqh/ Z1K1/ 53361 Hfrqrphwulf Dqdo|vlv1 Suhqwlfh Kdoo/ Qhz0Mhuvh|1
Kdplowrq/ M1G1/ 4<<71 Wlph Vhulhv Dqdo|vlv1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq dqg
R{irug1
Kd|dvkl/ I1/ 53331 Hfrqrphwulfv1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq dqg R{irug1
Khft/ D1/ 4<<;1 Grhv vhdvrqdo dgmxvwphqw lqgxfh frpprq f|fohv B1 Hfrqrplfv Ohwwhuv
8</ 5;<05<:1
Khft/ D1/ Sdop/ I1 dqg Xuedlq/ M1S1/ 53331 Shupdqhqw0wudqvlwru| ghfrpsrvlwlrq lq
YDUprghov zlwk frlqwhjudwlrq dqg frpprq f|fohv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv
95/ 84408651
Mrkdqvhq/ V1/ 4<<81 Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh
Prghov/ R{irug Xqlyhuvlw| Suhvv/ R{irug/ XN1
Ndplq/ V1E1/ 4<<<1 Wkh fxuuhqw lqwhuqdwlrqdo qdqfldo fulvlv= krz pxfk lv qhzB1 Mrxuqdo
ri Lqwhuqdwlrqdo dqg Prqh| dqg Ilqdqfh 4;/ 83408471
Ndplqvn|/ J1 dqg Uhlqkduw/ F1/ 53331 Rq fulvhv/ frqwdjlrq/ dqg frqixvlrq1 Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv 84/ 478049;1
Nlqj/ P1 dqg Zdgkzdql/ V1/ 4<<31 Wudqvplvvlrq ri yrodwlolw| ehwzhhq vwrfn pdunhwv1
Uhylhz ri Ilqdqfldo Vwxglhv 6/ 80661
Ohh/ V1E1 dqg Nlp/ N1M1/ 4<<61 Grhv wkh Rfwrehu 4<;: fudvk vwuhqjwkhq wkh fr0pryhphqw
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dprqj qdwlrqdo vwrfn pdunhwvB1 Uhylhz ri Ilqdqfldo Hfrqrplfv 6/ ;<04351
Orpdnlq/ D1 dqg Sdl}/ V1/ 4<<<1 Phdvxulqj frqwdjlrq lq wkh idfh ri  xfwxdwlqj yrodwlolw|1
PLW0Vordq Surmhfw 4813691
Ydklg/ I1 dqg Hqjoh/ U1I1/ 4<<61 Frpprq wuhqgv dqg frpprq f|fohv1 Mrxuqdo ri
Dssolhg Hfrqrphwulfv ;/ 67406931
Ydklg/ I1 dqg Hqjoh/ U1I1/ 4<<:1 Frghshqghqw f|fohv1 Mrxuqdo ri Hfrqrphwulfv ;3/
4<<05541
Yhox/ U1S1/ Uhlqvho/ J1F1 dqg Zlfkhuq/ G1Z/ 4<;91 Uhgxfhg udqn prghov iru pxo0
wlyduldwh wlph vhulhv1 Elrphwulnd :6/ 438044;1
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Wdeohv
Wdeoh 4
Hpslulfdo vl}hv ri wkh glhuhqw VFFI whvw vwdwlvwlfv +qrplqdo 8 043/333 uhsolf1,
GJS W JLYH FFD V} VU} Z} JPP
llg 83 9=6 9=6 9=3 7=7 6=6 8=4
533 8=7 8=7 7=9 6=< 6=5 8=6
833 8=4 8=4 7=5 6=6 5=; 8=4
VkrfnA*2 83 5=4 5=8 8=7 7=5 6=7 6=5
533 6=8 6=9 7=9 7=4 6=6 7=6
833 7=8 7=8 7=: 6=9 6=5 7=9
VkrfnA*e 83 5=4 5=8 8=< 7=5 6=5 5=<
533 6=: 6=< 8=4 7=6 6=7 7=8
833 6=< 7=3 7=9 6=9 6=3 7=8
JDUFKEffcffcfHb 83 ;=3 :=9 9=3 7=6 6=8 8=7
533 ;=< ;=< 7=: 7=4 6=6 8=6
833 44=6 44=6 7=: 6=9 6=3 7=<
JDUFKEffcf2fcf.b 83 43=5 <=; 9=4 7=8 6=< 8=6
533 49=4 49=3 8=6 7=7 6=: 8=3
833 56=: 56=: 8=< 7=8 7=3 7=8
6;
Wdeoh 5
Vl}h Xqdgmxvwhg Srzhu ri VFFI Whvw Vwdwlvwlfv 043/333 uhsolf1
GJS W V} VU} Z} JPP
llg 83 4;16 5415 5;1: 6:1;
533 971: ;714 <616 <:1;
JDUFKEffcf2fcf.b 83 4<1< 5618 5<1; 6815
533 951: ;416 ;<14 ;;17
6<
=Wdeoh 6
Ghvfulswlyh Vwdwlvwlfv
YDU
Odj ohqjwk
DLF fulwhulrq
Qxpehu ri
frlqwhjudwlrq
JDUFK+4/4,

Sdudphwhuv

zuw Ph{lfr zuw Ph{lfr
Dujhqwlqd 5 3 3=3;9 3=<35
Yhqh}xhod 5 3 3=6;: 3=8:7
Frorpeld 6 3 3=667 3=969
Fkloh 8 3 3=55: 3=:48
Ph{lfr   3=3;9 3=;:;
zuw Krqj0Nrqj zuw Krqj0Nrqj
Sklolsslqhv 8 3 3=545 3=:<8
Lqgrqhvld ; 3 3=3<5 3=<44
Nruhd 9 3 3=39; 3=<66
Pdod|vld 9 3 3=475 3=;::
Vlqjdsruh 7 3 3=46< 3=;83
Wdlzdq 8 3 3=43: 3=:::
Wkdlodqg 7 3 3=47; 3=;7;
Krqj0Nrqj   3=483 3=;7<
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Wdeoh 7
VFFI Whvw Vwdwlvwlfv/ qrupdolvdwlrq= Frxqwu| l @ ifw+Krqj Nrqj ru Ph{lfr,
YDU JLYH JPP
42342<60
5<2452<8
42342<60
492452<7
52342<80
5<2452<8
42342<60
5<2452<8
42342<60
492452<7
52342<80
5<2452<8
sydo  sydo  sydo  sydo  sydo  sydo 
Dujhqwlqd 3=74 4=;< 3=<7 4=3; 3=<; 5=8< 3=6; 4=;9 3=<8 4=3; 3=<< 5=8<
Yhqh}xhod ? 3=34  ? 3=34  ? 3=34  ? 3=34  ? 3=34  3=44 3=58
Frorpeld ? 3=34  ? 3=34  ? 3=34  ? 3=34  ? 3=34  3=35 
Fkloh ? 3=34  ? 3=34  ? 3=34  ? 3=34  3=3: 3=9; 3=36 
42342<90
642452<;
42342<90
492432<:
62442<:0
642452<;
42342<90
642452<;
42342<90
492432<:
62442<:0
642452<;
sydo  sydo  sydo  sydo  sydo  sydo 
Sklolsslqhv ? 3=34  3=;: 5=94 3=35  ? 3=34  3=<< 5=76 3=36 
Lqgrqhvld ? 3=34  ? 3=34  3=69 3=<4 3=55 3=:< 3=65 3=;< 3=87 3=<7
Nruhd 3=35  3=46 4=39 3=75 3=:8 3=89 3=:; 3=58 4=5; 3=76 3=;7
Pdod|vld ? 3=34  ? 3=34  ? 3=34  3=3: 3=46 3=86 3=:6 3=46 3=77
Vlqjdsruh ? 3=34  3=85 3=:; 3=39 3=88 3=39 3=87 3=:; 3=:6 3=4< 3=89
Wdlzdq ? 3=34  3=63 3=88 3=6< 3=7: 3=4; 3=;; 3=55 3=84 3=65 3=84
Wkdlodqg ? 3=34  3=<7 4=<< 3=94 3=9; 3=79 3=;5 3=<; 4=:8 3=;; 3=;;
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Wdeoh 8
VFFI Whvw Vwdwlvwlfv/ qrupdolvdwlrq= Krqj Nrqj ru Ph{lfr @ifw+frxqwu| l,
YDU JLYH JPP
42342<60
5<2452<8
42342<60
492452<7
52342<80
5<2452<8
42342<60
5<2452<8
42342<60
492452<7
52342<80
5<2452<8
sydo  sydo  sydo  sydo  sydo  sydo 
Dujhqwlqd 3=74 3=84 3=<7 3=<5 3=<< 3=6< 3=86 3=84 3=<9 3=<6 3=<< 3=6<
Yhqh}xhod ? 3=34  ? 3=34  ? 3=34  ? 3=34  ? 3=34  3=35 
Frorpeld ? 3=34  ? 3=34  3=37  3=35  ? 3=34  3=57 3=6
Fkloh ? 3=34  3=45 3=88 3=37  3=39 3=5: 3=78 3=79 3=45 3=58
42342<90
642452<;
42342<90
492432<:
62442<:0
642452<;
42342<90
642452<;
42342<90
492432<:
62442<:0
642452<;
sydo  sydo  sydo  sydo  sydo  sydo 
Sklolsslqhv ? 3=34  3=<: 3=54 3=35  3=76 3=:8 3=<< 3=58 3=3< 3=9:
Lqgrqhvld ? 3=34  ? 3=34  3=65 3=8< 3=75 3=99 3=53 3=83 3=89 3=97
Nruhd ? 3=34  3=:7 3=54 3=58 3=95 3=84 3=:3 3=;4 3=55 3=77 3=97
Pdod|vld ? 3=34  ? 3=34  3=44 3=56 3=55 3=6; 3=4; 3=99 3=67 3=5<
Vlqjdsruh ? 3=34  3=:3 3=9: 3=37  3=56 4=54 3=;8 3=;6 3=55 4=49
Wdlzdq ? 3=34  3=6< 3=67 3=76 4=35 3=:7 3=:8 3=78 3=64 3=73 4=35
Wkdlodqg ? 3=34  3=<7 3=76 3=77 3=<< 3=89 3=;4 3=<: 3=7; 3=;; 3=<8
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Wdeoh 9
Vwdelolw| ri wkh Idfwru lq wkh prvw F|folfdo Uhodwlrqvkls 0 Dvldq Frxqwulhv
U2r2 U2r U2r2 U2r U2r2 U2r U2r2 U2r U2r2 U2r
Gdwd Hvwlp1 Phgldq ;3( <3( <8(
Sklolsslqhv 3134; 31338 ^031387 = 31399` ^0313:5 = 313;5` ^0313;: = 313<:`
Lqgrqhvld 03139: 031377 ^03144< = 31367` ^031473 = 3138:` ^03148; = 313::`
Nruhd 31359 31384 ^031346 = 3144:` ^031364 = 3146:` ^03137: = 31488`
Pdod|vld 03139< 031357 ^0313<9 = 31389` ^03144: = 313::` ^031465 = 313<<`
Vlqjdsruh 31367 31349 ^031347 = 31387` ^031356 = 3139:` ^031365 = 313:<`
Wdlzdq 31355 31345 ^031355 = 3137<` ^031366 = 31395` ^031375 = 313:7`
Wkdlodqg 03133; 031338 ^03137; = 3136:` ^031394 = 31383` ^0313:6 = 31395`
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